SUMMARY Nerve conduction studies were conducted in 67 children to assess the effect of malnutrition on the peripheral nervous system. Significant reduction in nerve conduction velocities was demonstrated in severe protein energy malnutrition and ongoing long-term malnutrition.
Malnutrition is widely prevalent in all developing countries and children are the worst sufferers. Approximately half the population of the world has survived a period of serious nutritional deprivation during childhood (Winick, 1969) , and this is especially true for the developing countries. Although the severity of this undernutrition has not changed much, the age at which it strikes is changing. Because of urbanisation and industrialisation, the practice of breast feeding has declined, and malnutrition is occuring at an earlier age. This factor is of prime importance because this is the period of rapid growth and development (Stoch and Smythe, 1976) .
Various studies on animals as well as on human beings have shown that malnutrition as an isolated entity will produce physical, chemical, and functional changes in the brain (Dobbing and Widdowson, 1965; Cravioto et al., 1966; Chase et al., 1971) . These authors also point out that there is a definite period of susceptibility of the brain to malnutrition during which damage might be produced. This critical period appears to extend from prenatal to early postnatal life. Active synthesis of myelin also occurs during this period (Davison and Dobbing, 1966; Chase et al., 1967) , and this process may be affected in children suffering from protein energy malnutrition. Measurement of nerve conduction velocity is a recognised method for the evaluation of the status of peripheral nerves. Delayed motor nerve conduction velocities in children with protein energy malnutrition have been described by several in-vestigators (Sachdev et al., 1971; Kumar et al., 1977) . These investigators did not take into account the effects of age of onset and of duration and degree of malnutrition on the motor nerve conduction velocities. The present study was undertaken to assess the effects of duration and degree of malnutrition on peripheral nerves in children at different ages.
Patients and methods
Children with protein energy malnutrition, aged from 6 months to 4 years attending the under 5 clinic or admitted to the indoor services of the paediatrics department of Safdarjang Hospital, New Delhi, were included in the study.
Assessment of nutritional status was done according to the recommendations of the Nutrition Subcommittee of the Indian Academy of Pediatrics (Shah, 1972) . Children who weighed up to 80% of the Harvard 50th percentile were taken as normal, those between 71-80% as having mild malnutrition (first degree), between 61-70% as having moderate malnutrition (second degree), between 51-60% as having severe malnutrition (third degree), and those less than 50% having severe malnutrition (fourth degree).
One hundred and twenty-seven children were included in the study. Twenty-eight children were suffering from mild to moderate malnutrition (grades 1 and 2), and 39 were suffering from severe malnutrition (grades 3 and 4). Sixty normal children without any nutritional problem attending the under 5 clinic served as control subjects.
A complete general physical examination, including nutritional anthropometry and a detailed neurological examination, was done in all patients and control subjects. Nerve conduction velocity was measured using surface electrodes on the median, ulnar, and peroneal nerves according to a standard technique described by Cohen and Brumlik (1976) . Significance testing (Student's t test) is based on two standard deviations from the mean.
Results
The age and sex distribution of the children studied is shown in Table 1 . As the nerve conduction velocity varies with age, the children were divided into five age groups ( Table 1 ). The nerve conduction velocities in the ulnar, median, and peroneal nerves in the different nutritional groups mentioned earlier are given in Table 2 .
Nerve conduction velocities were found to be markedly decreased in protein energy malnutrition grades 3 and 4 as compared to the control children (P<O.OO1). No significant difference was found between protein energy malnutrition grades 1 and 2 and control subjects. When, however, the children were classified according to Seoane and Latham's (1971) height-based classification to assess the effect of duration of malnutrition the mean nerve conduction velocities were found to be markedly decreased in children with ongoing long-term malnutrition as compared to control subjects (P<O.OO1) while no significant difference was found between control subjects and current acute short duration malnutrition (Table 3) . Table 4 contains details of nerve conduction velocities when the onset of malnutrition was before and after 12 months of age. As is evident from the table, nerve conduction velocities were lower in children when the age of onset of malnutrition was less than 12 months as compared to those with onset after 12 months of age, the differences being very highly significant (P<0.001).
Discussion
With increasing awareness of the possibility that malnutrition during certain periods of life can have serious effects on the growth of the nervous system, various studies have been and are being carried out to identify these critical periods of development of the nervous system, as well as to ascertain the exact nature of defects and the extent to which these are reversible after nutritional rehabilitation.
Results from both animal and human studies have shown that intrauterine and postnatal malnutrition during the first 18 months of life interferes with the brain cell division after which the cell size is primarily affected. All changes which occur during this period are, therefore, likely to be irreversible whereas changes occurring after this period would be reversible after nutritional rehabilitation.
The mean conduction velocity of ulnar, median, and peroneal nerves was found to increase steadily with age in the control group, being highest at 4 years of age. Similar results were reported by Thomas and Lambert (1960) , Johnson and Olsen (1960) , Gamstorp (1963) , Moosa and Dubowitz (1971) , and Kumar et al. (1977) . Values were highest in the ulnar nerve, followed by the median and peroneal nerves in that order, in agreement with Gamstorp (1963) . Nerve conduction velocity was found to be sigficantly delayed in all three nerves in children suffering from severe protein energy malnutrition (grades 3 and 4) while there was no significant difference in the mild to moderate malnutrition groups (I and 2).
Nerve conduction velocity increases steadily in all three nerves during normal development in infancy because the myelination of the nerves is taking place during this period. The peroneal nerve which has a longer course, takes a longer time to myelinise and has a lower conduction velocity than the other two nerves, even in normal children. It is now recognised that myelin is composed of concentric protein and phospholipid lamellae derived from the cell membrane of oligodendrocytes in the central nervous system and from Schwann cells in the peripheral nervous system (Davison, 1972) . Undernutrition and deficiencies in fatty acids resulting from protein energy malnutrition may lead to permanent molecular errors in brain membrane composition, and thus affect the biochemical maturity of the brain. Since proteins act as the backbone of lipid incorporation in the brain and nerve, a nutritional deficiency of protein, should have a longer lasting deleterious effect on brain or peripheral nerve than a transient deficiency in the essential fatty acids. In protein energy malnutrition myelination, therefore, gets affected and so the nerve conduction velocity does not increase.
Nerve conduction is affected mostly by the duration of the malnutrition (Table 3) . Values were significantly lower in ongoing long-term malnutrition while the difference between the current acute short duration malnutrition and control children was negligible. There was no child in the past chronic malnutrition group in this study. The changes were more marked if the onset of malnutrition was below 12 months of age compared with malnutrition of later onset. 
